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REMARKS 

I. Status of the claims and application 

Claims 26-83, 85, and 93, 96-1 12, 1 17-124, 126, 135, 136, and 138 are pending. Claims 
26-83 and 85 are withdrawn from consideration. Claims 1-25, 84, and 86-92 were canceled 
previously, without prejudice or disclaimer. Claims 94, 95, 113-116, 125, 127-134, 137, and 
139-143 are canceled here, likewise without prejudice or disclaimer. Applicants reserve the 
right to pursue any of the canceled subject matter in one or more continuing applications. 

Documents accompanying this RCE Submission: 

(i) Exhibit 1 : Ms. Satoko Tsuruta's Rule 132 declaration; Exhibits A and B 
appended. 

(ii) Exhibit 2: Copy of Accession Number FERM BP-7583 deposited with the 
International Patent Organism Depository. 

In this subsection, Applicants provide commentary for (a) Mistranslations to the 
specification, (b) Claim amendments, and (c) Biological deposit. 

(a) Mistranslated Japanese priority document 

It has come to Applicants' attention that the present U.S. application text contains 
certain mistranslations of the Japanese priority document. Applicants, therefore, have taken 
this opportunity to properly correct these unintentional errors in the specification. 

Applicants also submit herewith the Rule 132 declaration executed by Ms. Satoko 
Tsuruta, who reviewed the original translation of the Japanese language ancestral application 
of the present U.S. case, namely PCT/JP 1999/0045 18. It is from her comparative analysis of 
the Japanese- and English-language applications that Applicants became aware that certain 
inadvertent errors and omissions were made during the translation process by the previous 
translator. 

For ease of review, Applicants append marked-up copies of the English and Japanese 
texts to Ms. Tsuruta's declaration (Exhibits A and B), which show the text of the Japanese 
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application that were unintentionally omitted or mistranslated, and the corresponding pages of 
the English text of the U.S. application. These corrections form the basis of the amendments 
to the specification made herein. None of these amendments introduce new matter and, 
therefore, Applicants respectfully request their entry herewith. 

(b) Claim amendments 

Claims 93, 96, 97, and 117 have been amended for reasons that follow. Since none 
introduces new matter, Applicants respectfully request entry of these amendments. 

i. Claim 93 

Claim 93 is amended to recite the depository accession number for the claimed "SC20" 
chromosomal fragment, namely "FERM BP-7583." Applicants submit herewith a copy of the 
clone information deposited at the International Patent Organism Depository on May 9, 2001 . 
Applicants have amended the specification to reference the accession number for the SC20 
deposit, namely Accession Number FERM BP-7583 deposited with the International Patent 
Organism Depository on May 9, 2001. 

Subsection (iv) of claim 93 is amended to clarify that the recombinant chromosome 
comprises at least two fragments "from different human chromosomes." Further, each fragment 
comprises "an antibody gene locus." 

The specification makes clear that one characteristic of the claimed recombinant 
chromosome is its constituency of different human chromosome fragments, e.g., fragments 
obtained from chromosomes 2, 14, 21, and 22. "[T]he inventors succeeded in transferring 
chromosomes or fragments thereof derived from human normal fibroblast cells into mouse ES 
cells and obtaining clones which were capable of stable retention of the chromosomes or 
fragments" (page 14, lines 5-9). Indeed, a recombinant chromosome of the present invention 
may comprise "fragments of human chromosomes #14 and #22" (page 46, lines 5-6). 

The specification also makes clear that the "foreign chromosome or fragment thereof 
may contain an antibody gene. The antibody gene may be one or more sets of antibody heavy- 
chain and light-chain genes (page 17, lines 22-25); and that the "antibody is preferably an 
antibody of a mammal, more preferably a human antibody" (page 20, lines 12-14). 
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Similarly, the specification makes clear that the "human antibody gene may be a human 
heavy-chain gene, a human light-chain k gene, a human light-chain X gene, or a combination 
thereof 9 (emphasis added; page 20, lines 22-24). Accordingly, the amendment is fully 
supported by the present specification and Applicants respectfully request that it is entered and 
made of record. 

To expedite prosecution, Applicants have deleted "had not been adjacently located" 
language from claim 93 (iv). 

ii. Claims 96 and 97 

Claims 96 and 97 are amended simply for grammatical reasons and to ensure there is 
correct antecedent basis with the "fragment" element of claim 93. 

iii. Claim 117 

Claim 1 17 also is amended to recite the "FERM BP-7583" accession number. 
Subsection (b) of claim 1 17 is amended to clarify that the "second chromosome fragment" 
comprises a "human antibody gene locus" as well as a recombinase recognition sequence. In 
this regard, Applicants clarify that the desired site of latter sequence is between the second 
chromosome fragment and "the SC20 human chromosome #14 fragment." 

(c) Biological deposit 

Applicants submit herewith a copy of the clone information deposited at the 
International Patent Organism Depository on May 9, 2001 . Applicants have amended the 
specification to reference the accession number for the SC20 deposit, namely Accession 
Number FERM BP-7583 deposited with the International Patent Organism Depository on May 
9, 2001. 

II. Contrary to the conclusion of the advisory action, 

microcell-mediated chromosome transfer is not a method 
that always causes spontaneous chromosome fragmentation 

Applicants acknowledge receipt of the Office's advisory action dated May 17, 2005. 
Therein, the Office makes clear that it believes that "the first step in the generation of the 
chromosome fragments is utilizing MMCT" and that "MMCT is a method that causes 
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spontaneous fragmentation of chromosomes." On the basis of this understanding, the Office 
concludes that "[T]hus 5 to initially generate the [present] chromosome fragments, one must 
employ methods of spontaneous fragmentation of the chromosomes." For this reason, the 
Office says that "these methods are not found to be reproducible or predictable" and that, 
therefore, all of the recited fragments, SC20, W23, and the 6-1 clone, "must be deposited." 

Applicants respectfully inform the Office that chromosome fragmentation is not always 
a necessary outcome of microcell-mediated chromosome transfer (MMCT). It is entirely 
possible, as shown in the Examples of the present application, to transfer a chromosome from 
one cell type to another using MMCT without fragmenting it. Indeed, as evidenced by the 
Examples of the present application, it is quite routine to screen for cells that have been 
subjected to MMCT and separate those which contain chromosome fragments from those that 
contain intact chromosomes. Thus, it is not true that MMCT always spontaneously fragments a 
desired chromosome. 

In fact, it was by such an analysis that the present inventors identified "3 out of 5 mouse 
ES cell clones" that contained an intact chromosome #22. See Example 2 at page 96. That 
Example explains how human chromosome #22 was transferred into a mouse ES cell using a 
mouse A9 cell that retains a copy of the human chromosome #22 prepared in Example 1 . 

Figure 2 of the present invention depicts the results from FISH analysis of that mouse 
A9 cell after by microcell fusion, and shows that 3 out of 5 mouse ES cell clones into which 
human chromosome #22 was transferred via microcell method retained the human chromosome 
#22 containing all markers, that is, the entire human chromosome #22. Upon analyzing this 
data, the inventors selected one particular cell, "A9/#22," for further investigation. 

The presently-claimed clone in question, "6-1," is derived from that A9/#22 cell and 
contains an intact chromosome #22. See Example 26 at pages 148-149. The inventors 
subsequently produced a mouse ES cell "PG22-1" clone via MMCT using that clone 6-1 and 
confirmed that PG22-1 "retained all or most part of human chromosome #22." See Example 30 
at pages 157 and 158. 

There is a link, therefore, between (a) the criteria that is used to selectively identify a cell 
containing a whole chromosome, and (b) the probability of actually obtaining such a cell. From 
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the denoted Examples, the probability of routinely identifying and isolating a clone that contains 
an intact chromosome #22 is high. In other words, a skilled person can routinely obtain a clone 
that contains an intact chromosome #22 by following the methods described in the application. 

III. Chromosomes 2 and 22 are not generated spontaneously 

but are fragmented according to a repeatable and predictable 
telomere-truncation method 

Claims 93-126 are rejected under 35 U.S.C. § 1 12, first paragraph. The Examiner 
maintains that "the fragments (SC20, W23 and 6-1 clone) are essential to the claimed invention 
and the specification has not provided a repeatable method." Office Action at page 3. 

Contrary to the Examiner's point of view, fragments of chromosomes 2 and 22 are not 
spontaneously generated. It is unnecessary and improper, therefore, for the claims to be "limited 
to the SC20 and W23 fragments and the 6-1 clone" as proposed by the Examiner at page 5 of 
the Office Action. Accordingly, Applicants request that this rejection be withdrawn and take 
this opportunity to point to and summarize various Examples of the present application detailing 
the precise - and repeatable - methods by which fragments from chromosomes 2 and 22 were 
generated. Applicants provide a summary below followed by a detailed elaboration of the 
pertinent Examples: 

(a) Summary 

In summarizing, please be aware that chromosome 2 and 22 are fragmented at a 
previously-introduced telomere sequence positioned at a desired site within each chromosome. 
The entire human chromosome 22 was introduced into chicken DT40 cell, whereupon a human 
telomere sequence was inserted into its LIF gene locus. See Example 82 (page 270), Example 
83 (page 274). The telomere-inserted sequence facilitates truncation of the chromosome at the 
site of the telomere sequence. Hence, chromosome 22 is cleaved at the specific telomere site. 
See also Kuroiwa et al. 9 "Efficient modification of a human chromosome by telomere-directed 
truncation. . .," Nucleic Acid Research 26: 3447-48 (1 998) (appended as Exhibit A), which 
reports that a " predicted truncation at the LIF locus on the chromosome 22 was done in all of 
the targeted clones" (emphasis added; page 3448, first column). 
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Likewise, the entire human chromosome 2 was introduced into chicken DT40 cell and a 
human telomere sequence was inserted at its CD8A gene locus and the precisely-defined 
chromosome 2 fragment subsequently obtained. See Example 95 at page 310 entitled "Site- 
directed cleavage of human chromosome #2." 

After obtaining chromosome 2 and 22 fragments via this predictable, telomere-induced 
method, a loxP site was inserted into each chromosome in a site-specific manner, as well as into 
a human chromosome 14 fragment. To produce the described XHAC hybrid, i.e., a cojoined 
chromosome 22/14 fragments, a Cre recombinase enzyme was used to induce a translocation 
between the two loxP sequences. See Examples 93 (page 306) and 94 (page 309). 

The fragments of chromosomes 2 and 14 were similarly cojoined via Cre-loxP 
translocation to produce the kHAC hybrid. See Example 97 at page 3 14 and Example 98 at 
page 320. Neither fragment was generated spontaneously. The person skilled in the art can 
readily produce these fragments, pursuant to the telomere truncation method, and cojoin them in 
a repeated manner, as presently disclosed. 

(b) Detailed elaboration of the presently-disclosed chromosome transfer methods 

Human artificial chromosomes "AHAC" and "kHAC" can be prepared by using intact 
human chromosome #2 or #22. 

(i) Details for producing human artificial chromosome A HAC, which contains 
fragments of human chromosomes #14 and #22 

The method for preparing the human artificial chromosome XHAC is described in 
Examples 87-103 of the present specification. Specifically, a telomere sequence was inserted 
into LIF gene locus on the human chromosome #22 to obtain a human chromosome #22 
fragment by telomere truncation (Examples 88 and 93, Kuroiwa, Y. et al Nucleic Acids 
Research 1998, Vol. 26, No. 14 3447-3448). Furthermore, a loxP sequence also was inserted 
into HCF2 gene locus on the human chromosome #22 fragment (Examples 89 and 93). 
Similarly, a loxP sequence was inserted into the RNR2 gene locus on SC20, which is a 
fragmented human chromosome #14 clone (Example 94). 
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The DT40 hybrid cell retaining the above human chromosome #22 fragment and human 
chromosome #14 fragment (SC20) was produced, and Cre recombinase enzyme was expressed 
in the host cell to induce a translocation between the loxP sequences on the above fragments. 
This produced AHAC, which is the human chromosome #22 fragment containing HCF2-Ig?i-LIF 
that was translocated to RNR2 gene locus on the human chromosome #14 fragment containing 
human IgH (Example 97, and Figures 58 and 59). The present specification discloses that 
XHAC can be expressed in a mouse to produce human antibodies in the mouse (Example 106). 

The human chromosome #22 fragment can be readily prepared by using the intact 
human chromosome #22, since the insertion sites for telomere sequence or IoxP sequence are 
specified. Moreover, a mouse A9 cell retaining an intact human chromosome #22 (entire 
chromosome) can be readily obtained, as described in the specification that the mouse A9 cell 
retaining human chromosome 22 (A9/#22 cell), which contains all markers for human 
chromosome #22 and has the size of the entire human chromosome #22, was obtained in the 
Example 1. Specifically, "A9 cells retaining human chromosomes #4, 14 and 22 were obtained 
by the same procedure" is described on page 96, lines 17-18 of the specification. These are not 
"chromosome fragments." 

As described above, the human artificial chromosome AHAC can be prepared from the 
human intact chromosome #22 by using the mouse A9 cell retaining the human intact 
chromosome #22 prepared in Example 1, and achieving the procedures described in Examples 
87-103. Accordingly, it is very clear from the experiments related in the present specification 
that it is also possible to readily obtain intact, that is unfragmented, chromosomes using the 
microcell-mediated chromosome transfer protocol. 

(ii) Details for producing human artificial chromosome kHAC which contains 
fragments of human chromosomes #14 and #2 

The method for preparing the human artificial chromosome kHAC is described in 
Examples 87-103 of the present specification. Specifically, a telomere sequence was inserted 
into CD8A gene locus on the intact human chromosome #2 to obtain a human chromosome #2 
fragment by telomere truncation (Examples 92 and 95). Similarly, a loxP sequence was inserted 
into cosYHZ304 gene locus on the human chromosome #2 fragment (Examples 90 and 96). 
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Likewise, a loxP sequence was inserted into RNR2 gene locus on the SC20, which is a 
fragmented human chromosome #14 (Example 94). 

The DT40 hybrid cell retaining the above human chromosome #2 fragment and human 
chromosome #14 fragment (SC20) was produced, and Cre recombinase enzyme was expressed 
in the cell to induce translocation between the loxP sequences on the above-identified 
fragments. kHAC was produced in which the human chromosome #2 fragment containing 
cosYHZ304-IgK-CD8A was translocated to RNR2 gene locus on the human chromosome #14 
fragment containing human IgH (Example 97, and Figures 58 and 59). 

The human chromosome #2 fragment can be readily prepared using the intact human 
chromosome #2, because the insertion sites for telomere sequence or loxP sequence are 
specified. Moreover, a mouse A9 cell retaining an intact human chromosome #2 was produced 
as described in Example 1 of the specification, and Figure 1 shows that the human chromosome 
#2 retained in the mouse A9 cell (for example, D-8 produced in Example 1) contains all 
markers for human chromosome #2 and has the size of the entire human chromosome #2. 

As described above, therefore, the human artificial chromosome kHAC can be prepared 
from the human intact chromosome #2 using the mouse A9 cell retaining the human intact 
chromosome #2 prepared in Example 1, using the procedures described in Examples 87-103. 

Accordingly, based on the description of the present specification and the knowledge of 
the art, it is apparent that the human artificial chromosomes of the present invention can be 
produced using intact, i.e., unfragmented, versions of human chromosomes #2 and #22; and, 
moreover, the present application makes clear that it is possible to obtain intact chromosomes 
using the MMCT method. 

iii. The present invention is not limited to the use of specifically-positioned 
telomere or loxP insertion sites as evidenced by the protocol disclosed in 
WO 02/092812 

Another method for preparing human artificial chromosomes is described in co-pending 
application, Serial No. 10/477,471, which published, in PCT form, as WO 02/092812. This 
publication explains that the telomere insertion sites and the loxP sequence sites described 
above are not limited to the sites disclosed in the present Examples. 
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In WO 02/092812, a telomere sequence was inserted into the AP000344 region of 
human chromosome #22, positioned at the centromenc side of the chromosome compared to the 
LIF gene locus. A loxP sequence was inserted into HCF gene locus or A000553 region on the 
human chromosome #22 and, by recombination, a chromosome #22 fragment containing loxP 
sequence was obtained. 

Similarly to the procedures described above in this subsection, a DT40 hybrid cell 
retaining the above human chromosome #22 fragment and human chromosome #14 fragment 
was produced, and Cre recombinase enzyme was expressed in the cell to occur a translocation 
(homologous recombination) between loxP sequences on the above fragments. AHAC and 
AAHAC were produced in which the human chromosome #22 fragment was translocated to 
RNR2 gene locus on the human chromosome #14 fragment containing human IgH. See 
Examples 6 and 7, and Figure 1 of WO 02/092812. 

As described above, the insertion sites for telomere sequence and loxP sequence in the 
production of a human artificial chromosome including kHAC are not limited to LIF gene locus 
or HCF2 gene locus disclosed in the present specification. 

Accordingly, based on the description of the present specification and the knowledge of 
the art, it is apparent that the human artificial chromosome of the present invention can be 
produced using an intact human chromosome #2 or #22, and that the insertion sites for telomere 
sequence and loxP sequence are not limited in the production of the human artificial 
chromosome of the present invention. 

IV. The rejections under Section 112, first paragraph are moot 

Claims 127-143 are rejected under 35 U.S.C. § 1 12, first paragraph for allegedly failing 
to comply with the written description requirement and the enablement requirement. Purely for 
the sake of expediting prosecution, Applicants have canceled claims 113-116, 127-134, 137, 
and 139-143, drawn to chromosome 21 fragments. Claims 135, 136, and 138 are not drawn to 
chromosome 21 fragments. Accordingly, the rejections are moot. 
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V. Tomizuka teaches neither a recombinant chromosome comprising fragments from 
different human chromosomes nor a precisely-located recombinase site and, 
therefore, does not anticipate claim 93 

Claim 93 is rejected under 35 U.S.C. § 102(b) as allegedly anticipated by Tomizuka et 
a/., Nature Genetics 16: 133-43 (1997). The Examiner, having previously withdrawn the art on 
October 23, 2002, reinstated that previous rejection in the final office action. 

At the outset, it is very clear that Tomizuka does not teach a recombinant chromosome 
that is made up of different chromosome fragments as presently required in claim 93. The 
Examiner is heard to agree with this distinction, since the Examiner states that "there is no 
recitation or requirement in the claim that the two fragments be from different chromosomes." 
Office Action at page 14. 

Contrary to the Examiner's contention in the final office action, at page 14, third 
paragraph, claim 93 does require that the recombinase recognition sequence be located between 
the chromosomal fragments: "wherein the recognition sequence for the site-directed 
recombinase enzyme is located between the chromosome fragments." Tomizuka does not teach 
such a sequential order. 

For at least these reasons, therefore, Tomizuka does not teach each and every element 
of claim 93 and, therefore, does not anticipate claim 93. Applicants respectfully request, 
therefore, that this rejection be withdrawn. 
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VI. Conclusion 

In view of the above remarks and amendments, it is respectfully submitted that this 
application is in condition for allowance. The Examiner is invited to telephone the 
undersigned at the number listed below if the Examiner believes such would be helpful in 
advancing the application to issue. 

Respectfully submitted, 



Date 

FOLEY & LARDNER LLP 
Washington Harbour 
3000 K Street, N.W., Suite 500 
Washington, D.C. 20007-5143 
Telephone: (202) 672-5404 
Facsimile: (202) 672-5399 




Stephen A. Bent 
Attorney for Applicant 
Registration No. 29,768 
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IN THE UNITED STA TES PA TENT AND TRADEMARK OFFICE 



Applicant: Kazuma TOMJZUKA et al 



Title: 



METHOD FOR MODIFYING 
CHROMOSOMES 



Appl.No.: 09/763,362 

Filing 4/23/2001 
Date: 

Examiner Thaian N. Ton 

Art Unit: 1632 



DECLARATION UNDER 37 C.F.R. S1.132 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



1 . I, Satoko Tsuruta, am an employee of Hiraki & Associates. 



2. I am aware that the captioned U,S. application, serial No. 09/763,362, claims 
priority to PCT/JP1 999/0045 18, which published in the Japanese language as WO 00/10383. 

3. I also understand that PCT/JP1 999/004518 claims priority to JP 10-236169, filed on 
August 21, 1998. 

4. The employee who originally translated the Japanese language PCT/JP1 999/0045 1 8 
application into English for filing in the United States is no longer with Hiraki & Associates. In the 
course of confirming the accuracy of the translation, 1 was asked by the Assignee, Kirin, to compare 
the PCT/JP1 999/0045 18 and U.S. specifications and to identify any differences. 

5. In so reviewing the text of the captioned application, which is an English translation 
of PCT/JP1 999/0045 1 8, 1 have identified several errors that were made inadvertently during the 
original translation process. In particular, I have identified unintentional mistranslations at pages 2, 
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4, 8, 9, 1 5, 20, 23, 26 T 28, 49-52, 60, 86, 88, 1 95, 1 97-20 1 , and 205-207 of the specification of 
USSN 09/763,362. 



pages of the U.S. specification text for USSN 09/763,362, and Exhibit B, which presents the 
marked-up versions of the corresponding pages of PCT/JP1 999/0045 1 8. 

7. The pages of PCT/JP1 999/0045 1 8 in Exhibit B, which my predecessor had 
improperly mistranslated, are pages 1 , 2, 5, 9, 1 2, 1 3, 1 5, 1 6, 28, 29, 3 5, 50, 5 1 , 1 1 5, 1 1 6, 11 7, 1 1 8, 
1 20, 1 2 1 f and 122. For ease of review, I have underlined the original text in these pages that had 
been translated in error or omitted from the text of USSN 09/763,362. 

8. Also for ease of review I have provided, in the right-hand margins of the pages in 
Exhibit B ? the corresponding page and line numbers of the marked-up USSN 09/763,362 text. For 
instance, "p.2, 1.2 of the translation** in the margin of page 1 of the Japanese text of 

PCT/JP1 999/0045 ) 8 means that the mark-up at page 1 of PCT/JP1 999/0045 1 8 corresponds to the 
mark-up at page 2, line 2 of USSN 09/763,362. 

9. I attest that none of these Japanese-to-English language corrections adds new 
matter to the USSN 09/763,362 text. Simply, these corrections, which are implemented via the 
"Amendments to the Specification" of the accompanying RCE submission, correct inadvertent 
mistranslations of the originally-filed PCT parent application. 



I hereby declare that all the statements made herein of my known knowledge are true and 
that all statements made on information and belief are believed to be true; and further, that these 
statements are made with the knowledge that willful false statements are so made punishable by fine 
or imprisonment or both, under Section 101 of Title 18 of the United States Code and that such 
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I append Exhibit A, which provides the marked-up versions of the above-noted 



willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



Date 



July 13, 2005 
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same, and a method for producing chimeric non-human 

a nimal s/and use of the animals. If a foreign 

/by microcell method^ 
chromosome or a fragment thereof containing a gene 

encoding a gene product identical with or homologous to 

the gene product encoded by the disrupted endogenous 

gene is transferred into the pluripotent cell of the 

present invention as a recipient cell so that a desired 

functional cell or a desired chimeric non-human animal 

is produced from the cell, the transferred gene can be 

expressed efficiently without differentiation of the 

pluripotent cell into a germ cell. Even if a germ cell 

of the non-human animal is affected or the pluripotent 

cell cannot be differentiated into a germ cell by the 

disruption of the endogenous gene or the introduction 

of a foreign gene, a functional cell, or a chimeric 

non-human animal, a tissue or a cell of the animal can 

retain and express a foreign giant DNA fragment in 

excess of the heretofore unattainable 1 Mb (a million 

bases) in conditions of a deficiency in the endogenous 

gene and a decrease in the production of an endogenous 

gene product by producing the desired functional cell 

or non-human animal from the pluripotent cell. 

Background Art 

Techniques of expressing foreign genes in animals, 
that is, techniques of producing transgenic animals are 
used not only for obtaining information on the gene's 
functions in living bodies but also for identifying DNA 
sequences that regulate the expression of the genes 



2 



0 4- 8-2 0 ; 1 4 ; 44 ;¥#H#?FS8ffi 



FOLEY&LARDNER 



; 03 5 42 50 9 82 



# 4/ 29 



the largest DNA fragments which have ever been 
transferred is a DNA fragment of about 67 0 kb cloned 
into a yeast artificial chromosome (YAC) (Jakobovits et 
al.. Nature, 362:255, 1993). Recently, introduction of 
YAC containing an about 1 Mb DNA fragment containing 
about 80 percent of variable regions and portions of 
constant regions (C£c, c5 ana C TJ\) of a human antibody 
heavy-chain was reported (Mendes et al . , Nature 
Genetics, 15:146 , 19 2 7) . These experiments were 
carried out by fusing a YAC - retaining yeast cell with a 
mouse ES cell- Although it is believed that foreign 
DNA of up to about 2 Mb can be cloned on yac (Den 
Dunnen et al.. Hum. Mb l . Genet., 1:19, 1992), the 
recombination between homologous DNA sequences occurs 
frequently in budding yeast cells and therefore, in 
some cases, a human DNA fragment containing a large 
number of repeated sequences is difficult to retain in 
a complete form. In fact, certain recombinations occur 
in 20-40% of the clones of YAC libraries containing 
human genomic DNA (Green et al. , Genomics, 11:584, 
1991) . 

In another method that was attempted, a metaphase 
chromosome from a cultured human cell was dissected 
under observation with a microscope and the fragment 
(presumably having a length of: at least 10 Mb) was 
injected into a mouse fertilized egg (Richa et al. , 
Science, 245:175, 1989). In the resulting mice, a 
human specific DNA sequence {Alu sequence) was detected 
but the expression of human gene was not confirmed. In 
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expresses the gene of interest efficiently. For 

example, a mouse having a disrupted endogenous antibody 

gene can be mated with a mouse having a human antibody 

gene transferred to produce a mouse that expresses the 

human antibody efficiently. A normal diploid cell has 

alleles. A transgenic mouse having one allele of an 

mouse antibody heavy-chain gene disrupted expresses an 

increased level of human antibody in its serum, A 

mouse having both alleles of mouse antibody heavy-chain 

gene d i s r up t e d J Le xp r esjs e s a further remarkably increased 

Obtained by mating* 
level of human antibody (S.D.Wagner et al., Genomics, 

35:405 -414 , 1996) . 

Some researchers have developed a technique in 
which one allele of a target gene is disrupted, and 
then the concentration of a selective drug is increased, 
thereby deleting both alleles of the target gene 
(double knock-out)* However, this technique holds the 
possibility of a decrease in the ability of the target 
gene-deficient cell to differentiate into a germ cell 
because the target gene - de f i c i en t cell obtained by the 
high-concentration-selective-culture method is cultured 
in vivo for a long period and because the drug- 
selection pressure is severe (Takatsu * Taki, 
Experimental Medicine, supplement, Biomanual UP Series 
Basic Techniques for immunological Study, Yodo-sha, 
1995). In another case, if two kinds of selective 
drugs are used for double knocking -out , for example, if 
a neomycin- resistant cell is subjected to a double 
knock-out treatment with hygromycin, the double drug- 
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resistant ES cell is rarely differentiated to produce a 
mutant mouse (Watanabe et al . . Tissue Culture 21, 42-45, 
1995). ES cells may lose their differentiation and 
growth capabilities under certain culture conditions. 
When a gene targeting procedure is performed twice, ES 
cells do not lose the ability to differentiate into 
germ cells of a chimeric mouse but the second 
homologous recombination frequency is extremely low 
(Katsuki et al., Experimental Medici ns. Vol. 11, No. 20, 
special number, 1993). Hence, when a target gene- 
deficient homozygote is produced, particularly when at 

least two target genes are targeted^ a /mouse .d eficient 

^heterozygote ^ 

in each target gene is produced and then the produced 
mice are mated with each other to produce a homozygote 
mouse deficient in at least two genes ( N - Longberg et 
al.. Nature, 368:856-859, 1994). If genes to be 
disrupted exist close to each other and if a mouse 
deficient in at least two genes cannot be obtained by 
mating, heterozygote mice deficient in the two target 
genes are produced from ES cells and they are mated to 
produce homodef icient mice (J.H. van Ree et al . , Hum 
Mol Genet 4:1403-1409, 1995). 

An attempt to differentiate a pluripotent ES cell 
into a functional cell in vitro has been made { T . 
Nakano et al . , Science, 2 6 5:1098-1101, 1994, A.J. 
Potocnik et al., The EMBO Journal, 1 3 : 5 2 7 4 - 5 2 8 3 f 1994 ). 
The cultivation system used' in this attempt, for 
example, a system in which the differentiation into a 
mature B cell can be induced is expected to be used in 
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containing a foreign chromosome ( s ) or a fragment (s) 
thereof, which comprises preparing a microcell 
containing a foreign chromosome(s) or a fragment(s) 
thereof and transferring the foreign chromo some ( s ) or 
fragment (s) thereof into a pluripotent cell by fusion 
with the microcell. 

in the method of item 1 or 2, the foreign 
chromosome ( s) or fragment (s) thereof may be larger than 
670 kb , further, at least 1 Mb (one million base pairs). 
The foreign chromosome or fragment thereof may contain 
a region encoding an antibody. The microcell 
containing a foreign chromo some ( s ) or a fragment (s) 
thereof may be induced from a hybrid cell prepared by 
the fusion of a cell from which the foreign 
chromosome (s) or fragment (s) thereof is (are) derived, 
with a cell having a high ability to form a microcell. 
The microcell containing a foreign chromosome(s) or a 



fragment (s) thereof may be induced from a cell prepared 
by a further fusion of the microcell induced from the 
hybrid cell with a cell having a high ability to form a 



may be a human normal diploid cell. The cell having a 
high ability to form a microcell may be a mouse A9 cell. 
The pluripotent cell can be selected from embryonal 
carcinoma cells, embryonic stem cells, embryonic germ 
cells and mutants thereof. It is preferred that the 
foreign chromosome or fragment thereof contains a gene 
of interest and that the pluripotent cell has a 
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chimeric non-human animal or its progeny of item 4, the 
non-human animal or its progeny of item 5 or the non- 
human animal or its progeny of item 6, or a tissue or a 
cell thereof, and recovering the biologically active 
substance as an expression product. 

In the method, the cell of the chimeric non-human 
animal may be a B cell. The B. cell may be immortalized 
by fusion with a myeloma cell. The chimeric non-human 
animal cell may be fused with a primary culture cell 
derived from an animal tissue or fused with an 
established cell line. The biologically active 
substance may be an antibody. The antibody is 
preferably an antibody of a mammal, more preferably a 
human antibody. 

11. A biologically active substance which can be 
produced by the method of item 10. 

12. A non-human animal retaining at least one human 
antibody gene larger than 6,7 0 kb and expressing the 

g ene . 

The non-human animal of item 12 preferably retains 
at least one human antibody gene of at least 1 Mb and 
expresses the gene. The human antibody gene may be a 
human heavy-chain gene, a human light-chain K gene, a 
human light-chain I gene, or a combination thereof. 
The non-human animal of item 12 may be deficient in a 
non-human animal antibody gene identical with or 
homologous to the human antibody gene. The deficiency 
of non-human animal a n tibody gene mayy(be caused by 



''identical with or homologous to the human antibody gene 
disrupting the non-human animal antibody gene by 
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v. 



for disrupting one and the other alleles^ 
of the endogenous gene 



homologous recombina tionsVT hi ternatively, different 
drug-resistant marker genes may be used in the two 
homologous recombinations . 

Furthermore, the present invention provides a 
method of using the pluripotent cell as a recipient 
cell into which a foreign gene(s) or a fragment (s) 
thereof, or a foreign chromosome (s) or a fragment (s) 
thereof are to be transferred. The foreign genets) or 
fragment (s) thereof may be incorporated in a vector 
such as a plasmid, a cosmid, YAC or the like. 
Alternatively^ the foreign chromo $ ome ( s ) or fragment (s) 
thereof may be contained in a micxocell. The foreign 
chromosome ( s ) or fragment (s) thereof is preferably, but 
not limited to, one that contains a gene(s) identical 
with or homologous to the endogenous gene(s) disrupted 
in the pluripotent cell. The term "homologous gene" 
means herein a gene encoding the same kind of protein 
or a protein having a similar property in the same or 
different species of a given organism. 

Moreover, the present invention provides a method 
of using the pluripotent cell for producing a chimeric 
non-human animal . 

The present invention also provides a method of 
producing a pluripotent cell containing a foreign 
chromosome ( s } or a fragment (s) thereof, which comprises 
the s teps of : 

preparing a microcell containing the foreign 

chromosome ( s ) or fragment (s) thereof; and 

fusing the microcell with said pluripotent cell having 
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retaining a foreign chromosome {s ) or a fragment (s) thereof 
and expressing the gene(s) on the foreign chromosome (s ) 
or fragment (s) thereof, I 

at least two endogenous genes disrupted, whereby said 
foreign chromo some ( s ) or fragment (s) thereof is 
transferred into said pluripotent cell. The present 
invention further provides a method of using the cell 
for producing a chimeric non-human animal. 

The present invention also provides a chimeric non- 
human animal retaining a foreign chromo some ( s ) or a 
fragment(s) thereof and expressing the gene(s) on the 
foreign chromo some ( s ) or fragment (s) thereof, which is 
obtainable by one of the aforementioned methods of 
producing a chimeric non-human animal, or its progeny. 
The present invention also provides a non-human animal 
retaining a foreign chromo some ( s ) or a fragment (s) 
thereof and expressing the gene(s) on the foreign 
chromosome (s) or fragment (s) thereof which is 
obtainable by mating between the chimeric non- human 



animals or its progenies, or its progenyV" The present 
invention further provides a tissue from the 
aforementioned chimeric non-human animal or its progeny, 
or the aforementioned non-human animal or its progeny. 
The present invention still more provides a cell from 
the aforementioned chimeric non-human animal or its 
progeny, or the aforementioned non-human animal or its 
progeny. The cell may be a B cell. 

The present invention also provides a hybridoma 
prepared by the fusion of the cell from the 
aforementioned chimeric non-human animal or its progeny, 
or the aforementioned non-human animal or its progeny 
with a myeloma cell. 
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'and expressing the genets) on the foreign chromosome (s j ^ 
or fragment (s) thereof 
by mating the chimeric non-human animal or its progeny, 

or the non-human animal or its progeny retain ing the 

foreign chromos ome < s ) or fragment(s) thereofYwith a 
non-human animal in a strain deficient in a gene 
identical with or homologous to said genes,^»d, 

-&±mgtt[<ii'x t ( a ) — £**«riebes©=§— \ and recovering the biologically 
active substance as the expression product. 

The present invention also provides a vector 
comprising a foreign chromosome (s) for use in gene 
transfer into a non-human animal and a non-human animal 
cell- The foreign chr omo s ome ( s ) is preferably one from 
human, more preferably a human chromosome #14 fragment. 
The non-human animal is preferably a mouse. 

The term "allele" is used herein. 

The term "homologous gene" means herein a gene 
encoding the same Kind of protein or a protein having a 
similar property in the same or different species of a 
given organism. 

As used herein, the term 11 foreign chromosome' 1 means a 
chromosome which is exogenously introduced into a target cell. 
When producing a cell comprising a modified foreign 
chromosome (s) or a fragment (s> thereof, the introduced 
chromosome is a chromosome exogenous to the cell where 
chromosome modification occurs (for example, a cell with high 
homologous recombination -efficiency, such as a chicken DT-40 
cell) Further, when producing a chimeric non-human animal 
comprising a modified foreign chromosome { s) or fragment (s) 
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showing the presence of a human chromosome in organs of 
a chimeric mouse produced from a human chromosome #14 
transferred ES cell (PCR analysis). 

Fig. 12 shows the results of a test on a tail- 
derived fibroblast cell for resistance to G418. 

Fig. 13 shows the concentration of human antibody 
IgM in a serum of a human serum albumin (hereinafter 
referred to as "hsa") -immunized chimeric mouse (ELISA). 

Fig. 14 shows the concentration of human antibody 
IgG in a serum of an HSA- immunized chimeric mouse 
(ELISA) . 

Fig. 15 Shows the results of ELISA of hybridoma 
clone H4B7 capable of producing human igM- 

Fig. 16 is a photograph of the results of FISH 

.n.ivH.,^ a mouse_E S cell clone (TT2 cell clone P015) 
f showing morphology in J . 
retaining partial fragments of human chromosomes #2 and 

14 . 

Fig. 17 shows that the antibody titer of anti-HSA 
human IgG is increased in a serum of an HSA- immunized 

chimeric mouse. 

Fig. 18 shows that the antibody titer of anti-HSA 
human IgK is increased in a serum of an HSA- immuni zed 

chimeric mouse. 

Fig. 19 is a photograph of electrophoresis patterns 
showing the detection of human Ll sequence in a human 
chromosome #2 2 - trans f erred TT2 cell clone (southern 
analysis) . 

Fig. 20 shows that the antibody titer of anti-HSA 
human IgA is increased in a serum of an HSA - immuni z ed 
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chimeric mouse. 

Fig. 21 is a photograph showing that a partial 
fragment of human chromosome #2 is retained in a 
progeny of a chimeric mouse into which a partial 
fragment of a human chromosome #2 was transferred (PGR 
analy s i s ) - 

Fig. 22 shows the presence of a cell expressing 
human fi chain on the cell surface in a spleen of a 
human chromosome #14 - transferred chimeric mouse (flow 
cytometry analysis) . 

Fig. 23 shows the structure of /L u nP p n f. WK fl plasmid 

/ nT.nvP- STneo V 



pLoxP-STneo 

Fig. 24 shows the structure of genomic DNA carrying 
a mouse antibody heavy chain CP gene. 

Fig. 25 shows the structure of genomic DNA carrying 
a mouse antibody light-chain * gene. 

Fig. 26 shows the structures of a mouse antibody 
heavy-chain targeting vector and a probe for / South ern 



an 



fuse in the J 

b4^^w^ _as well as a DNA fragment to _be detected" i 

f blot analysis of genomic DNA from transformant TT2F cells] 
homologous recombinants . 

Fig. 27 shows the structures of a mouse antibody 
light-chain k targeting vector and a probe /AJ^^ ^ <g- 

LjLiLlikJ-iJ-'in nil rinrr -. as well as a DNA fragm ent to be ^_ 

A>lot analysis of genomic DNA from transf orinant TT2F cells) 
detected in homologous recomoanauu. 

Fig. 28 is a photograph of .electrophoresis patterns 
showing the results of Southern blot analysis of mouse 
antibody heavy-chain homologous recombinants and high 
concentration G418 resistant clones derived therefrom. 

Pig. 29 shows a photograph of electrophoresis 
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patterns showing the results of Southern blot analysis 
of mouse antibody light-chain homologous recombinants. 

Fig. 30 shows the structure of pL oxP - PGKPuro 
plasmid DNA . 

Fig. 31 shows a mouse antibody light-chain K 
targeting vector, a probe for use in the southern blot 
analysis of genomic DNA from transformant TT2F cells, 
and DNA fragments to be detected in homologous 
recombinants . 

Fig- 32 shows a photograph of electrophoresis 
patterns showing the results of Southern blot analysis 
of high concentration G418 resistant cell clones 
derived from mouse antibody light-chain homologous 
recombinants. 

Fig. 33 shows that the antibody titers of anti-HSA 
human igH antibodies are increased in a serum of an 
HSA- immunized chimeric mouse* 

Fig. 34 is a photograph of the result of FISH 
analysis of an antibody heavy- and light-chains 
deficient mouse ES cell clone retaining ^iDjcXia^ 
fragments of human chromosomes #2 and #14. 

Fig. 35 shows that the antibody titers of anti-HSA 
human Ig antibodies are increased in a serum of an HSA- 
immunized chimeric mouse* 

Fig. 36 is a photograph 1 showing the result of fish 

analysis of a mouse A9 cell containing /human chromosome 

' fragments of » 
#14 (human centromere sequence probe) . 

Fig. 37 is a photograph showing the result of FISH 

analysis of a mouse A9 cell cont ainingVhuman chromosome 

/fragments of* 
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#14 (human chromosome- specif ic probe). 

Fig. 38 shows the results of a test for stability 
of human chromosome fragments (#14: SC2Q, #2:W23) in a 

mouse ES cell , 

Fig. 39 shows the results of analysis for stability 
of human chromosome #14 fragments in a mouse. 

Fig. 40 shows the results of PCR analysis of a G418 
resistant hybrid cells retaining human chromosome #22 
i fragment) . 

Fig. 41 is a photograph showing the results of FISH 
analysis of an A9 cell retaining fragmented human 
chromosome #22. 

^analysis of J 
Fig. 42 shows the results of Ycomplete human 

antibody-producing mouse strains established by mating. 

Fig. 43 shows the results of the determination of 
the concentration of human antibody K chain in a serum 
of a mouse retaining a human chromosome #2 fragment, 
W23 . 

Fig. 44 shows the results of the determination of 

the concentration of human antibody k and A. chains in 

a serum of a mouse- 
Fig. 45 shows the structure of pBS - TEL/LIFPuro . 
Fig. 46 shows that human chromosome #22 is retained 

in a chicken DT40 cell clone. 

Fig. 47 shows the identification of homologous 

recombinant in LI F locus. 

Fig. 48 shows the fragmentation of human chromosome 

#22 in a DT40/#22neo cell clone. 

Fig. 49 is a photograph showing a chicken DT40 cell 
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various human chomosomes. A clone retaining a desired 
mutant chromosome can be selected from A9 or ES cell 
fused with a microcell induced from a mouse K9 cell 
retaining a certain human chromosome. The frequency of 
fragmentation of chromosomes can be raised by 7 -ray 
irradiation (Koi et al ♦ , Science, 260:361, 1993). 
2) A targeting vector retaining a loxp sequence that 
is recognized by Cre enzyme is constructed- A clone 
into which a loxp sequence has been inserted at a 
desired site on a chromosome is obtained by homologous 
recombination in a cell retaining a human chromosome. 
Subsequently, Cre enzyme is expressed in the cell of 
the clone to select a mutant having chromosomal 
deletion and/or translocation caused by site-directed 
recombination- See WO97/49fi04 and Smith et al., Nature 
Genetics, 9:376, 195. As a host into which a targeting 
vector is to be introduced, a cell allowing for high- 
frequency homologous recombination such as a chicken 
DT40 cell (Dieken et al., Mature Genetics, 12:174, 
1996) may also be used. 

3} A targeting vector retaining a human telomere 

sequence is constructed and the telomere sequence is 

^fift rtftd ^ u^Llie T Tem x at a desired site on a chromosome 

*Tna cell retaining a human chromosome * 
by homologous recombination in * cull uu- h a l ading a hirre a^t 

' the cell 

Hi i iimnr nm-g After a clone into which the telomere 
sequence has been inserted is obtained, a mutant having 
deletion caused by the telomere truncation is obtained. 
See Itzhaki ef al . , Nature Genet., 2 , 283 - 287, 19 92 and 
Brown et al-, P. N. A . S . , 9 3: 71 2 5 , 1996. As a host 
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antibodies. These properties can be utilized to 
produce human monoclonal and polyclonal antibodies for 
therapeutic treatments (Green et al, supra; Longberg et 
al., supra). On the other hand, in order to obtain a 
human antibody having high affinity for a particular 
antigen more efficiently, it is desirable to produce a 
mouse which produces a human antibody but not a mouse 
antibody (Green et al * , supra; Lonberg et al., supra). 
In the present invention, this is achieved typically by 
the following Method A or B^ LajLng known t o w*\ rn qi i f"^ 
Method A: a method using a mouse an t ibody - de f i c i en t ES 
cell and a mouse an t ibody - de f i c i en t host embryo for 
chimera production. 

Method B: a method in which a progeny retaining a human 
chromosome is obtained from a human chromosome - 
transferred chimeric mouse, followed by mating said 
progeny with a mouse in a strain deficient in a mouse 
antibody gene. 

A typical example for each of Methods A and B will 
be described below specifically. 
Specific procedures for Method A 

l. one allele of a mouse antibody heavy-chain gene 
present in two copies in a mouse ES cell is disrupted 
by homologous recombination in gene targeting (Joyner 
et al . , "Gene Targeting", published by IRL PRESS, 1993). 
A marker gene, such as a G 418 resistance gene, 
sandwiched with two copies of a sequence which can be 
removed later by si te - directed recombination [for 
example, loxP sequence (see recombination with Cre 
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has been inserted in the target gene. Then, a marker 
gene is inserted again by homologous recombination in 
gene targeting to obtain clones in which both alleles 
of the target gene have been disrupted (Seishi Takatsu 
et al . / Experimental Medicine, supplement, Basic 
Techniques for Immunological Study, p. 255 - , 1995, 
Yodosha) . 

3. An enzyme gene (e.g., a Cre recombinase gene (Sauer 

et al , , supra)) which causes a s i t e - d i r ec t ed 

recombination . between the recombination sequences 

inserted at both the ends of the drug - r esis tance gene 

in step 1 above is transiently transferred into the 

mouse ES cells from step 2 above in which bo t h Xan ti b o d y 

'alleles of^ 

heavy-chain genes were disrupted. Then, drug-sensitive 
clones are selected in which the drug - r esis tance genes 
inserted at the sites of both heavy-chain genes were 
deleted as a result of recombination between the loxP 
sequences [Seiji TaXatsu et al., "Experimental Medicine 
(extra number) : Basic Technologies in Immunological 
Researches", p. 255-, published by Yodosha, 1995]. 

4. The same procedures in steps 1-3 above are repeated 
for the mouse antibody light-chain k gene to finally 
obtain drug- sensitive clones which are completely 
deficient in antibody heavy-chain and light-chain K . 

5. Human chromosome #14 (fragment) containing a human 
antibody heavy-chain gene and marked with a drug- 
resistance gene <e*g., G418 resistance gene) is 
transferred into the clone from step 4 above (antibody 
heavy-chain and light-chain fc -deficient mouse ES cell) 
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agarose gel electrophoresis. Then, Southern blotting 
was performed to detect homologous recombinants with 
the probe described in Section 3, Example 48* As a 
result, 3 clones out of the 176 clones were homologous 
recombinants. The results of Southern blot analysis of 
wild-type TT2F cells and homologous recombinants #131 
and #141 are shown in the left-side three lanes in Fig. 
28. In wild-type TT2F cells, two bands (a and b ) 



digestion. In the homologous recombinants, it is 
expected that one of these bands disappears and that a 
new band (c) will appear at the lower part of the lane. 
Actually, band (a) has disappeared in #131 and #141 in 



Fig. 28 and a new band (c) has appeared- The size of 
DNA is shown at the left side of the Figure. These 
results show that one allele of an antibody heavy-chain 



homologous recombination . 
Example 5 0 

production of chimeric ( mice from antibody heavy-chain 
homologous recombinant BS cells 

The cells in a frozen stock of the antibody heavy- 
chain homologous recombinant TT2F cell clone #131 from 
Example 49 were thawed, started to culture and injected 
into 8-cell stage embryos obtained by mating a male and 
a female mouse of ICR or MCH(ICR) (CREA JAPAN, INC.); 
the injection rate was 10-12 cells per embryo. After 
the embryos were cultured overnight in the medium for 





the EcoRI and Xhoi 



gene in these recombinant clones has been disrupted by 



195 



- 8-20:1 4:44 i^tSBIfSSm FOLEYMARDNER ; 03 542 5 09 82 # 20/ 



Example 51 

Production of a double knockout clone from the antibody 
heavy-chain homologous recombinant 

It has been reported that a clone in which both 
alleles are disrupted can be obtained by disrupting one 
allele by insertion of a G418 resistance gene, 
culturing an ES cell clone in a medium with an 
increased G418 concentration and screening the 
resultant high concentration G418 resistant clones 
(Shinichi Aizawa, "Biomanual Series 8. Gene Targeting", 
published by Yodosha, 1955). Based on this technique, 
the inventors have conducted the following experiments 
in order to obtain both alleles - di srup ted clones from 
the TT2F antibody heavy-chain homologous recombinants 
#131 and #141. First, in order to determine the lethal 
concentration of G418 for both #131 and #141 clones, 
each clone was inoculated into ten 35 mm plates at a 
rate of about 100 cells per plate (in this Example, 

G418 resistant primary culture cells whichjv^re not 

/were purchased from Lifetech Oriental and \ 
treated with mitomycin were used as feeder cell s )( see 

Example 9) . The cells were cultured in an ES medium 

containing 0, 0.5, 1, 2, 3, 5, 8, 10, 15 and 20 mg/ml 

of G418 ( GENETI C IN , Sigma) for 10 days; As a result, 

definite colonies were observed at a concentration of 

up to 3 mg/ml, but no colony formation was observed at 

5 mg/ml. Based on these results, the minimum lethal 

concentration was decided to be 5 mg/ml. Then, high 

concentration G418 resistant clones were selected at 

concentrations of 4, 5, 6, 7 and S mg/ml. For each of 
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#131 and #141, cells were inoculated into ten 100 mm 
plates at a rate of about 10* cells per plate and 
cultured in an ES medium containing G418 at each of the 
concentrations described above (5 grades; two plates 
for each concentration) . Twelve days after the start 
of culture, definite colonies (#131: 12 clones; #141: 
10 clones) were picked up from plates of 7 mg/ml and 8 
mg/rol in G418 concentration. These clones were stored 
frozen and genomic DNA was prepared by the same 
procedures as in Example 49. The genomic DNAs from 
these high concentration G418 resistant clones were 
digested with restriction enzymes ecoRI and Xhol 
(Takara Shuzo) and separated by' agarose" gel 
electrophoresis. Then, Southern blotting was performed 
to detect with the probe from Section 3, Example 48 
those clones in which both alleles have been disrupted. 
As a result, one clone derived from #131 (#131-3) was 
found to be both al 1 eles - di s trup t ed clone- The results 
of Southern blot analysis of 6 clones derived from #131 
are shown in Fig. 28. in wild-type TT2F cells, two 

wild-type bands (a, bl^^etected after the EcoRI and 

were . 
Xhol digestion. In one allele homologous recombinants 

(#131, #141), the upper band (a)/**s\disappeared and a « 

' was 

new band (c^^appeared (Example 49). Furthermore, ^ 

was , _ . . , 

it is expected that due to the disruption of both 

alleles, another wild-type band (b) disappears and that 

the disruption ■ type band (c) remains alone. 

In Fig. 28, this band pattern is observed in clone No. 

3 (#131-3). This demonstrates that both alleles of an 
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antibody heavy-chain gene have been disrupted in this 
c 1 one . 

Example 52 

Removal of a G418 resistance marker gene from the 
antibody heavy - cha in - de f i c i en t homozygote TT2F clone 

The G41S resistance marker gene in the antibody 
heavy-chain both alleles -disrupted clone (high 
concentration G418 resistant clone #131-3) from Example 
51 was removed by the following procedures* An 
expression vector, pBS185 { BRL ) , containing Cre 
recombinase gene which causes a s i te - direct ed 
recombination between the two LoxP sequences inserted 
at both the ends of the G418 resistance gene was 
transferred into #131-3 clone according to the methods 
described in Shinichi Aizawa, "Biomanual Series 8, Gene 
Targeting", published by Yodosha, 1995 and Seiji 
TaJcatsu et al . , "Experimental Medicine (extra number): 
Basic Technologies in Immunological Researches", p. 
255-, published by Yodosha, 1995), Briefly, #131-3 
cells were treated with trypsin and suspended in HBS to 
give a concentration of 2.5xl0 7 cells/ml. To the cell 
suspension, 30 £C g of pBS185 DNA was added. Then, 
electroporation was performed with a gene pulser (Bio- 
Rad Laboratories, Inc.? resistor unit not connected) . 
A voltage of 250 V was applied at a capacitance of 960 
fi F using an electroporation cell of 4 mm in length 

Qoco Examp-le--=£ Q___» The el ec trop ora t ed cells were 

/ (165-2088, Bio-Rad Laboratories , Inc. ) ^ 

suspended in 5 ml of an ES medium and inoculated into a 
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tissue culture plastic plate (Corning) of 60 mm in 
which feeder cells were seeded preliminarily. After 
two days, the cells were treated with trypsin and 
reinoculated into three 100 mm plates (preliminarily 
seeded with feeder cells) such that the three plates 
have 100, 200 and 300 cells, respectively. A similar 
experiment was also conducted under the same conditions 
except that the setting of the gene pulser was changed 
(resistor unit connected; resistance value infinite) . 
After seven days, a total of 96 colonies formed were 
picked up and treated with trypsin. Then, the colonies 
were divided into two groups; one was inoculated into a 
48-well plate preliminarily seeded with feeder cells 
and the other was inoculated into a 48-well plate 
coated with gelatin alone. The latter was cultured in 
a medium containing 300jUg/ml of G418 ( GENET I C I N f 
Sigma) for three days. Then, G418 resistance was 
judged from the survival ratio. AS a result, 6 clones 
died in the presence of G418. These G418 sensitive 
clones were grown to confluence in 35 mm plates, and 
four fifths of the resultant culture was suspended in 
0.5 ml of a preservation medium [ES medium + 10% DMSO 
(Sigma)] and stored frozen at -80tJ. The remaining one 
fifth was inoculated into a 12-well gelatin coated 
plate and cultured for two days. Thereafter, genomic 

ri NTA was r ro U pr#r{ Jew Ll rni uarnc ^iuuoa m cjC "TO - in C jl I n 2± ^ 

Trom 10 b to 10' cells using Puregene DNA Isolation Kit{Gentra System), 
These genomic DNAs from G418 sensitive TT2F clones were 

digested with restriction enzyme EcoRI (Takara Shuzo) 

and separated by agarose gel electrophoresis. Then, 
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Southern blotting was performed to confirm the removal 

of the 0418 resistance gene using a 3.2 kb Xhol 

fragment {Probe A) from G418 resistance gene - con taining 

pSTneoB. As a result, bands observed in #131-3 clone 

which hybridize with Probe A were not detected at all 

in the sensitive clones. From these results, it was 

confirmed that the G418 resistance marker gene had been 

surely removed in the G418' sensitive clones obtained. 

Additionally, as a result of Southern blot analysis 

performed in the same manner using Probe B obtained by 

digesting pBS185 DNA with EcoRI, no specific band which 

hybridises with Probe B was detected in these G418 

sensitive clones. Thus, it is believed that Cre 

recombinase-containing pBSlSS is not inserted into the 

chromosomes of the sensitive clones. In other words, 

these sensitive clones can be transformed with the 

vector for knocking out an antibody light-chain (vector 

having a loxP sequence at both the ends of a G418 

resistance gene) described in Section 4, Example 48. 

Chimeric mice were produced from the G418 sensitive clone 
#131-3-5 in the same manner as in Example 4 0 . As a result , 

„ chimeric mice exhibiting 100% contribution to coat color 
Example 53 j 
were obtained . 

Transfer of human chromosome #14 (containing antibody 
heavy-chain gene) into the antibody heavy-chain- 
deficient ES cell clone 

Human chromosome #14 (containing an antibody heavy- 
chain gene) marked with a G418 resistance gene is 
transferred by microcell fusion as described in Example 
9 into the mouse ES cell clone (from TT2F, G4l8 
sensitive) obtained in Example 52 which is deficient in 
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h homologous recombinant, which has further 

disruption in an antibody light-chain gene in the 

antibody heavy- chain - def icient homozygote TT2F cell 

clone (G418 sensitive) obtained in Example 52 is 

produced by the following procedures. Briefly, the 

antibody light-chain targeting' 1 vector prepared in 

Section 4, Example 48 is linearized with restriction 

enzyme Kpnl (Takara Shuzo) , and transferred into the 

above TT2F cell clone (G41S sensitive) according to the 

method described in Shinichi Aizawa, "Biomanual Series 

8: Gene Targeting 1 ', published by Yodosha, IgLgJLA After 

'Appendix A* 

7-9 days, colonies formed AurQ sOiclced up, Theyyer^. 

^were^ ' were ^ 

stored frozen and genomic DNA ^prepared in the same 

^ was 

manner as in Example 49. Genomic DNAs from G418 

resistant clones Ajs^digested with restriction enzymes 

S were 

ECORI and Notl (Takara Shuzo) and separated by agarose 
gel electrophoresis. Then/ Southern blot analysis is 
performed to detect homologous recombinants with the 
probe described in Section 4 f Example48_. 



Appendix B^ 
Example 59 

Production of an double knockout clone from the 
antibody light-chain homologous recombinant 

A clone in which both alleles of a light-chain gene 
are disrupted is prepared from the TT2F antibody light- 
chain homologous recombinant (and antibody heavy-chain- 
deficient homozygote) clone from Example 58 by the 
procedures described below. Briefly, a high 



CO] 



ne^Bs^repared^ 



was Appendix C 
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scored frozen, and DNA/tssorepared in the same manner 

was 

as in Example 51. Genomic DNA from the high 
concentration G418 resistant clon^^ydigested with 
restriction enzymes EcoRI and NotI (Takara Shuzo) and 
separated by agarose gel electrophoresis. Then. 

Southern blot analysis^fcs^per formed to detect those 

was , . . 

clones in which both alleles have been disrupted, with 

the probe from Section 4, Example __*JLs 

Appendix D 

Example 60 

Removal of the G418 resistance gene from the antibody 
light-chain-deficient homozygote (antibody heavy-chain- 
deficient homozygote) TT2F cell clone 

The G418 resistance marker gene in the antibody 
light-chain both alleles - disrupted clone (high 
concentration G418 resistant clone) obtained in Example 
59 ^ removed by the same procedures as in Example 52. 
Briefly, an expression vector, pBS185 (BRL) , containing 
Cre recombinase gene which .causes a site-directed 
recombination between the two 3,oxP sequences inserted 
at both the ends of the G418 resistance gene (section l. 
Example 48) was transferred into the above clone 
according to the method described in Example 52. The 

resultant G418 sensitive clones ja-s^gr own to confluence 

were 

in 35 mm plates, and 4/5 of the resultant culture was 
suspended in 0.5 ml of a preservation medium [ES medium 
+ 10% DMSO (Sigma)] and stored frozen at -80t3 by the 
same procedures as in Example 52. The remaining 1/5 
was inoculated into a 12-well gelatin coated plate. 



206 



0 4- 8-2 0 : 1 4:44 ; ¥*MmWffli 



FOLEY&LARDNER 



; 03 542 50982 



# 29/ 29 



>was > 

After cultivation for two days, genomic DNA Wprepared 

t-. j frffi uigl^^ te wi ' iL ud in r y n mr le^ . These genomic <~ 
from 10 6 to 10 7 cells using Puregene DNA Isolation Kit (Gentra System)^ 

DNAs from G418 sensitive TT2F clones -a^s^diges ted with ^_ 

^were 

restriction enzyme EcoRl (Takara Shuzo) and separated 

by agarose gel elec trophoresis . Then, Southern 

blotting^^perforitied to confirm the removal of the <£ _ 
^ was^ 

G418 resistance gene using a 3 . 2 kb Xhol fragment from 
G418 resistance g ene - containing pSTneoB as a probe. 

Example 61 

(1) Transfer of a human chromosome #14 fragment 
(containing antibody heavy-chain gene) into the 
endogenous antibody heavy-chain and * chain-deficient 
ES cell clone 

A human chromosome #14 fragment SC20 (containing a 
human antibody heavy-chain gene) was transferred by 
microcell fusion as described in Section 2 of Example 
68 into the mouse ES cell clone HKD31 (from TT2F, G418 
sensitive, puromycin sensitive) obtained in Example 78 
which is deficient in both endogenous antibody heavy- 
chain and K chain* The microcell fusion and the 
selection of G418 resistant clones were performed in 
the same manner as in Example 2, Eight of the 
resultant G418 resistant clones were subjected to PGR 
analysis using IgM and D14S543 primers (see Example 68). 
As a result, both markers were detected in 8 out of the 
7 clones analyzed. Hence, it was confirmed that the 
antibody heavy-chain and * chai n - d ef i c i en t ES cell 
clone retains the human chromosome #14 fragment SC20. 
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• t h«ttae*;fctr»fitf:ji*ff©*? f /i'»ftfpsfc:Wfl-i?s *. 

V, 1 , X. L 

* S « fg flfl JJia ^ * * l>»l&a>ffltt, &&&fcttHHJBrc&^T«&& 
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$e?%9l&8lfll'*'«DNA£g[®ro£ Magram^, Nature, 3 

15:338, 1985) , h ft =E -r *Jtt«| © BB % (Ojfcfib, V-aJJ^S^f^? 
■7*, *llj§0, 1994) , * & KttJR«©Hrji (duller^, Experien 

tia, 47:923. J991) v * ft 4 ffl W= Wffl ^15 ©£.g {3 «| ft $ ft-C £ & 
. VelanderP>, P.N.'A.S., 89:12003, 1992) . Ste? © A©tt&. i: U T f* Z ft £ 

( 

WfftttfcKDNA* (Gordon^, P.N.A.S., 77:7380, 1980) T?* U , 

L, ^)<7V»^t#St5JS (TakahashM h, Development, 102:259, 198 

8) X'$>z>. 7^«7.^^*?^Tii, EsaasatD^sR u feSdsa. ib. 

O L*>l/ V «ttTM*8Alfftt4DNA©;*:*SCR##* 'J , * ft** Z © S fff © 

U. i*l*-e**.**iftDKA»fM" SSAt/fclJffl-?! iSgAlXfeft (YAC) 

D — — ftfcjfi9670kb©DNA8r#1?£> 5 ( Jakobovi ts h , Nature, 362:25 

5, 1993). SfeKSfiCfcoTt h«#fi«»e?©Wg««©fi 8ffl;»tJFjfe 
flt«*®-» ( C /t C , Cy2) ftdti »lMb ©YACCfAfeSH cfift^* 

~ p-4,1.7 

& (Mendezfj, Nature Genetics, 15:146,. J997). ^ftfc©^®J±, YAC£^J# 
t58St'7!7 ^ES^iBS & ft ^ i~ <S d ttcjc'yfr^etjft/t. YAC£ (i % j&2 

Mb*-e©^3feDNAfe ? a— ns/^t?*« t $ftTV^$^ (Den Duanenfe, Hum. Mo 
1. Genet., 1:19, 1992 ) » ffi * IB! JH * T- (±, *B |3 DNAgg ?IJ |R| ± © * A 
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£ *> C3i£BE: *-g-CB itt©7 1/ * £ km b & t 9 X T* f± S c t r- <-„ 

" p-8/jwo 

S£35l~_h#TS (S. D. Wagner h , Genomics, 35:405-414, 1996) . 

*fc < Hr«©71'/l'©«fl5J»e : ? fcMLfcft* * £&f£ U „ TO fH0 c^> 

i^^i/jsajKa^wiia-eu&tifcWftaftte^^ftiaffiittiii vivo t? ©*«*»** 

d fc. S8jfflft:J:*5URJE*«*o V£ i # if©JSElJ £3gi&ffiJfei^©*r 
fti#CT Ltv& J3 o/c (Aft • ft. §gS£lggsj0!lW /W#^.= a.7 
AUPJ/i^X ftaggf&©S3g&$B, ¥±4fc, 1995). 2.mm<DM 

V fitt#«21. 42-45 % 1995) . Sfc, ESJ&fflJ& C «fc o T # 

■>*©£MfWM^©3'fttt«:5fc*>«i:v>*«, : j|t 2 &|ff©fBnK« Tft 

V>&£*>& (0**,. Vol.11 No. 20 Jfl^J 1993), & #lia<2 SI * 

^.SEfcfrfcw**^ fc o fctfaiisae^* 8 2 -=>ui±©^^-f- & s «n-rti©iR 

ft agfe? ^yP ^ftS1tfey»^feffglfe0^gtbT 2 oj&±©£ is -P£<- 
ah^K.^aLfcV^^&fffl-tSifc* 5 *.*^^^ (N. Longberg f> , Nature, 36 
8:856-859, 1994). S ^ * jgte^ **jgg& C T L, , SEKiot 2-Jfil 

i$iSGi?£^-r "nfc*fr3li:fc v»*fcfPS &BC £ ?-c*t*«v 
ffHtS C t **?r*>;ftT (J.H. van lteet., Hum Mo 1 Genet 4:1403-1409, 1 
995). 

■CVS (T. Nakano £ , Science, 265: 1098-1101, 1994, A.J. Potocnik h , Th 
e EMB0 Journal, 13:5274-5283, 1994) . w © «fc 5 &SS , >^tA, 
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-&fcttg»g>fl-3feafeflt»S V'tt*-g>»ffl- *atH BU&ttfc: h JEST 2 «^«|J&-C' <7 

4Mb *t»ffi*#» lEttfgiBffija, jEEttttfnjn, JStt£»fijB£ 

6# 3b s ^ fct* _k o » a teniae ? t n i> * -s ^izm m © a s^iae^ & 

-&©E9rJt_h©-&Sftj©i3&? t ft |« © ft H ffiigfc^ tlT 

ttJ:V\ #fb#flffi ft MB K#V>T, tV&'5ft©£f5?£H l> & -5 

^fiL/T^5^Sffi^t M»<OHt«t^ 9*ff«L/T* <tv\. a? IB S i$©$8. 
fc* fcim tJ*e^tt«ra©l*Htta«*#*«l/Tv>$**fccD#fe: Mbtt*«&(tti 

< tt'V tf ^ X- h S . 

3 . *-*fcfcfc*«G>0-#5fcfe*** v^'tt-tOBfjrSdtfdMfc^litttfiittT* 
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6 ^ ©t** o X <fc v^„ 

13. i2© #t fibiaoj^iiiiaaife a s iD-7ijst ©sfe-^fict o #e>*i.*/w 

14. K J: U m&i< fr&tiifc. 

15. t blaft©'>*< it— 30^7^*fclit/^774^St5^t MftU. 

* £ fcfi-i)-;/^ ^ 7s i g M , igG, igE. igA, I g D & «fc ;tt 5> 
© -y- 1 !? v * . t tc 1***1 e> T-fc^T * ^. 

16. 6 7 0 k b SS^Sf-ifeliggCO^^DNAtfis^U. Mfl-3fcDNA± 
lt>©^t h fflj^J C ^V^T (£ v fgmi*S^3l£D N AMCOmte* t M b i& £ VWiffl 

( ; ^its ^ d n a ± © sa t in i? & a ^ pa © ft n &xst i/tv> 

&JEESeJ&£ til tttt4Hft">l*A. ifcjfffljfc©^*: ft 

18. < t 4, 2 @© ft H&jgfi^ Sn~C v>£ # <f b IS ft £ fil f# f 3iffiJ3&. 

lscom&iz. #v*t < 1 1- 2 a © ft la laafflfl i*;t ma>tt± 

9tt «kv>. ^ii^nTv^^m#:itfeT-(*^a^^^Mm3S^?fc s <ko c ^A^g^ate^ 
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v^tsctiay j*Htt£fc?©«f«©#£»fc^#tt*snfc#fc».6ie 
ft£/,-efc XflWtt v — *-a$i?ft jav^«raiia«*.R: «fc u 4Mb ante & 

©#«©#£»«■? «r^^^-s »©« wia« *. c # v-* * aim wit — ar- 
ise ^^©«<o»Aae? fc«>«>ffipijiftifciiK:fflv^* jR»»tt 

©#ft*ttttft«8**WJtt©JWJlj6r»ft«0t>*. *-*fctt«tt©rt*»fi 

ti-L^-c t «fc < „ # — **tt*K© $ ^ fit* ©»;*-» 3 ifU^sJUC 

tt» 4Mb # fttt IB JBE *JV^X««*.n-CV»* WHttia^? t 13 15 « A 

!*«»©»«* *^<? t. ©t*# s £ j: v>#, wcRje^nsto-c-iiftv^. 
Mcasv-c, riai^oise^j tit. £Mn*jfctt««(-»v*-c, 
iiififti©ttai4J*-^#>/^^Sft =i- K-rsste?* v>-s ^©tts. 

+^*unsifcMt5/:<)o> to aa © # As * us « * 
*»»©«##» ft ««-*-*. 

2 Mr £ fc % *^BJ{*, ^ttat*©#*Jfcft#*<& v>tt*©iftf ft £^ 
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■fe^Sffil. ^ * 9 D -fe^ £ ©Kfc-fc i U , BiifiI©*J>& < t <b 2 a©AB9tt& 

^ 6 « tt III Jfi^ttE*- * kfcmR©fl-*& 

at «fc 0fP«"T6i fca&s-C-S, *-*&tt*R©##Sftfctf:fc*trMi*©»fJt* 

ft *fp«i-*fc©© J:Ei>tt©«ffl J5r»*fc#l-*. 

Sfc»i*Rffl##Jfc6#**vMi*©tf # tt**»fe#**W**© 
* & » * © ¥ » © * B K J: U » 6 ft 6 * - * & tt*R© #*lfcft # * * vm± -t © 

&5i>&^© cff.fr ±©%fc^fr^^- a-? © *sg8 ' 

te, ±33©**? #k hSbfcfc L< »*©***& ttWfchBttfcKtt*© 
^ a * T * a * « * tf ffl JB t J8 « * . w © SB A ft B SB jf& X' tb o X *> <fc o . 

©*»*fc tt±C©#fc h»ft* 1/ < »*©?»«:, RjB£?fcn VMiffl 
#fch»ftk WE©*-* U < ^ l»C « ^ 5|€ Sfe -fe * ^ fd:^ ©E?r^r ^ 

«^L/s a^-*jftft#-*« v*tt-t©»f,fi-±©afe? *©^3» 

5. 
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s^k. *mwi±, ±saG>^p< hunt u < »-£<z>?£8 m&' 
tt* i/ < f * •f- <o ^- & «n@ # . *&a*fci±iiiijftn::i*v*"c, 

^f*5Hi<, J:U#*L<tt. kMjt#t*8. 

■ p.2«,i-3-7 

4ft l> < {**0-?3l|i*fcJ±#t: hifr^lfc L < ISiiSfc.? is Hi! I; & $ 

VM**B/ig<D8te^/&*&& LTv^ h»*J:3SE**» K * 1/ * * Sft Hi 

*©t$r#±CDiiS£s-?£fg:K2-ti:, ^(ommt LT©3»tfc#«fc»tt*tftHft gift 

m\m^? '«:l5«i*«. if $ L < & t: hl'fi^f 5tp©t** 

iUff*KI4tH 4#&fe#:$r#T'&6. #ts h if * L < 

^WHBSC^V-Ctt* Jtifcae^ (allele) £J2*T f 7 V )V } ii V* 5 d is is 
•5. 

J»feffHf*»fclcti H §fe£#&£©Jgisfc6lBljl& (Half. -7h'JDT-40SB 
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WHS** ( TT2|ffl FfiflcPGlS) OFISHfPffi flf8jRfe^%feflc toJgtto yS'e&6. <*f MS" 

Mint, t hJlil^T^^^ 7 v 9 >wi)t?3 tfOtfCt N Jtt» 7/1/^5 > 

H22fcfc, t h 14#2fcfi#$tA3M 7 "7 9 ■T.WJHfcasvTlBIISSBf C th^iis 
B923&. pLoxP-STneo ^7*5 K DNA ©*85£ 4 a* b T V> 5 . ^ ^ ^ |f 

tf J A DNA pyU'V^PyhCglBta ^ D - ^ t *B ;*l#"C*#i « 4 *l 5 DN ^ 

AE9f ft K v*T ^ U r V* $ . 

0 28», v ^^m^mmfi^M^A^^t) f iaiais^^#*^i^ffijgG4i8j5ifte^ 

H30I1.- pLoxP-PGKPuro ^7^5 K DNA CD f|l H & 1/ T t £ . 
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^ ADNA Otf V^Dy S {£ ffi "T 5 7 D - f H ffi |Q A. * T?» ffj $ *l S ^ £ 
DNAE5F fi* -P V X ^ t X V-S . 

8132{i, "7 ^^M#:^^ffilHlffig|>lf*:E&*iaSJgG418iit1*^©-y--tf >Mffi<Dm 

ia # e jb & ffi * * e s m m <d f i s m ffi © m & * m -r ^ m x- & s . 

|^35te, nStift&*r* <7 t> *lfiLrf ►POfciHSAH >. IeSt^fflU © in $ 3* b T W> 5 . 

S38f±, fchSfcfitfWflr (14#:SC20, 2 # : W23) © V ? * ESjfffl J& C *J S ^ 
04O&, fch22#|fefc# (JSrJt) £fttf1-*G4l8if1£&ftllJfi0PCRft#r®tt 

042fi, J: 'J «£ 3£ £ n & # hffi#:£££1-* v ?*^i&©Jp|r*S <-[>.5M.I3 

B43I*. h 2#SS^#:^r^W23%«i#1-§ V * I&L * <Z> fc h *ft # * St 2g Jg 
g|45», pBS-TEL/LIFPuro ©=f85£ 

H46&, -7 h U DT-40*HJB*K:Stt* H ]*22#&£#:©{£}#£^-r. 
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j>HM<btir.&lZ 1 o x p UmotftXZ frt~? a->zmm<D& % c r e mMZMffi 
fi-C-ftUZitZ ^fcCtU, ffi tttt Jt ft tt » X. £ £ y2fc&#6Dfc£: ■ 

W097/49804fc J: Smith *i>\ Nature Genetics, 9:376, 1995£#M 

h D DT-4.0 jBIS (Diekent,, Nature Genetics, 12:174, 1996 ) CD.fc-p&ffl 

JllfflJf A£*ifc* D->«r^#©M, -r-n^T • h a VCiS^f 

^ Itzhakit,, Nature Genet., 2, 283-287, 1992 tfBrown h % P. N. 

A. S., 93:7125, 19964 '#|R <D £ t . *&, *--/f -V ^ K 

f&LXa>fe$Lm'®t. IT, = 17 h y D T — 4 OM ( Diekenfc. atfia) © J: o 

feM^5tlbS5;fe#:©-rD^r - h v > * — 3 > S?3 K ii v» T :® £> IT B§ 3 

#tJt. ttrfcBrown&WlBastt.** * - ©#A*S*Ssfe{£ Jb© y fcf- b Eft « 
*©-e*»J. $$j£©{fcg£# — t»^"^ftt*V>. Itzhaki l><Dfflm{Z 

J=;ft{£, Chfn^ 7B5S**ALftlKltBO-il?»«HT 1 O 8 O fflMm 
S 1 2 O O OffcKtfoTJWtf UfettJ&8fl©ffi|imilkAtte%.ftU -£©5*>;b 

^MSfeSSStlT^S^ (Barnettfc. Nucleic Acids Res., 21:27, 1993) , 
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nberg£>. Nature, 368, 856-, 1994t£) i: Jfc & U T , t M~fcV*"Cl§15?2;h"5 : & 
*J6iJ|t il)#fcft52f 414*. 22# + 14##©lg&# ft H fl 

^jf-rs^p< 7^ 9 aft Of **i6t4it5:tcj: 

fig, iIwi*A J t >• E&JfcT- t hStflsfcaffc-t-S w i: rT &t-*> 3 . 

(Greene, lolB, Lonbergt>, BijiS) . -iff , $3 5i © J/t UK <~ M l/TJSilSltt©^^ 
j^i-tS fef^^-TS ^ t (Green£>, ffiga. Lonberg£> % (ffga) . 

l . v>*ESjfni0&fc 2 a t^-^fi-rs v £j*^#ig8i&fe-y0jtffiJ©y nuts 

C 69 38 £?fBI»l (Joynerfc, Gene Targeting, 1993, IRL PRESS) £ 

i>Ti«t4. 'fifi?.K«fff i:»ftK« tt« J* ft JRL-% *Ci 0. fffc * -ffi a G 3»J , 
m*-l£lox?mm (.CreUn ^e^-^^ct IJ Sauerfc. SJfiL fl&CFLP 

1/3 >Vf^-~1?-PRT|BW tfflV>&0» Gorman €>, Science, 251, 1351-, 1991©$! 

cits *n&G4i8Wttae-?«ov— *-3Big^ftif At*. 

y ttr i y MttfiSSSSfc? ©M©7 • 

iSft^jiBSUBittv ■> *Es>Nnfla© =t 5-^©fflj©7 i/ © « as a t, « m 
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G4i8rBtt3a«?*ffl^"c«wiiii*»A*<f -s&tt* ^i-dvc s/vinsaie^ 
ww»ttafic^*»*s*i.fc*i?ig*«tt**aat*. s & if w sa & ? 

255-, 1995, ¥±ft) . 

^S^w-TgilgS^^. flfctfCrel/S >^--tf$tfic* (Sauer<b, MB) *- 

mmt£¥wm* ft&w%<r>mM8.m. p255- 1995, ^±*±) . 

# * ffi S 55 ± K X 81 0 & &*! JS '£ tt# % tttt f 5 . 
C.. 5. (ft ft SAIL /cS^fav «>^ESiW©) tSSHBi^&^^Dt^B 

-6. 

7. g f>£D*fi#£jii£1-5 - *«-e £ (#1 AtfRAG-2; y ^ 7 * 

Shinkaib, Cell, 68, 855-, 1992, JBt£! 0 tt J y 4? 7 9 h v 9 * , K 

itamurak. Nature, 350, 423-, 1991) *> h B *«f£K t U "C 6 T'^ S> *l/cE 
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2ttte»«i Lfc. RHUfclO. 15^ gDNA£# %R ft -3 fco 1B«K300ik«/ 
ml©G418 (GENETICIN, j/^t) #£tf£»£ IBfcifcfcfco 7—9 H & Kflfe t fc 3 

3 ■* ©4/5*0. 2nl©lft#JB*&tt C BSi^ifi +10XDMS0< 5/ 

- hfcJMtl.* 2Bffl%!&LX^ 10 6 ~l'0 7 ji©*fflllS^t><b-V A DNA^Puregene 
DNA Isolation Kit (Centra System*t) C * ?> H » L , ^ ft 6 £>G418»14TT 
2Pffljay/ ADNA*«Uia»tRBcoRItXhoI C^jSiS) t?MU Ti$u~7**ffc 

^ »£3m2PttJ»&tffflE«**.«:il3K #141©;!Mf > 7 p * h»*r©IS» 

'* <®28> 2Efll3U- yfcjjS-f* flF£fflTT2P*BJftn?«BcoRU XhoIfBftC «t »> 2 
*©/^F Ca. b) ^ttfl 'Stifc . filWllifftiB^Tiis £ ft & © ^-fft ^P.|<?5 J.H 
fr<D'<> h*i><ffi%: Ls jff;fefcT*fc>*:' K <c) ^lotlS C ± j&^SIS ft3« 
B + 1131. #14H£*l^T-a©^> K*<»Se U * fc»=c©/<> K*<BJ8i Ltl^o 
H^fiW ttDNA©* •i-tt*>-&C*l&©* n- >«: Jit # filiate 

J; *) £ ± U\ iCRSfcmiCBOCR) <B#? UTtt) *©*KKJ:?>» 
LTESSBSiC^^S^fc^s &j£Sg&g^2.5B©^$UCR-? * x ' (B# 

ff-944E©£AJ&£^*fiL;t*£ll> 22E© : ?v Lfc 0 ^ 

feC*i>T«±SB (ICR) *3fe©afe'©«t»»=TT2F«Iiaft*©^fe UBft) *<B 
aSftSfrif-Jj^K ^DftJESftSo *£Lfc22E©5 •&s£e»ci!l!&fr«:S?£& 
©«#'©# ^tt^'&N BS«BI»©aiK©E* &*i*ffl#ttl8ET* -pfco -5-5 

i6©^(t^-&©8om_h*^^&© cesih is at*y -> 
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TH'S w <ha<SH&£ ft*:, ft blitz** y-?<yx<Dr>*>&< fflffl#tt#1!tfc:i5l* 
Wt£l£j&<W^D -7 v -5 * © -3 -&100X©M^^^^i*ili8 + > 5 2<Stt£MCH(IC 
<D?v ?XteB131fi5fcT£ «9 (%ffiff|42#Jlt(K 2EKlEcDM^T?«**#ifc 

• M + eDC418«K*±»/-Ci»lti*« d £ C J: ») » S> ft § G418i!5tt!i:ifc£ * * 'J 

v- - y iftiiummr isjisituz&mz tatm^m^i- ^> ci^i^ci*<i^ 

^±*£, 1995) = cncS-^l, «^ ttTT2Ftfc«:fiaffiRHa«IA*M131. U41K: 

-o^tmwjt v j\,<Dmigfcwm<D%i, £iT®^*iT^fc, »i3i; #141^ 

<7* 'J x.>^/Uj±J; t?J8tA) &ffiJ8.l*:. 3S*&01J9#JKO K 1#& «9 &)100<S 
<D.fiH§S£fgffi U 0, 0.5, 1. 2, 3, 5, 8, 10, 15, 20 mg/ntl ©G418 (GENBTICI 
C Ns S/^-y) ^•en-Fn^*;BS^it64'-e:10BF k a^?ILfc o *©!£m3mg/ml©«g 
£ -ZltVM h frte ^ — ft<S& 5mg/n IT = n — — J^JSUifiS^ £ tl« 

j^ofco do^^*t>ii-M/h^5Eg^^5mg/mI<!:^^ts 4. 5, 6, 7, 8mg/rol 

©&»*^*MG4i8»tt#<D»ifc*fT^A:« mi, fi4i*n^ntc^^TiooB 
+ - i/fl-ioflcfcitfcSfc ei&io'fl ©mi Bissau ±E©*aae©(i4i8* 

gt£7mg, 8mg/«l©i' + - Mcfe^TSB&j&^ttanx- .(1131 : 12**, #141:10 
©S5«ffG418Wte8:'*V ADNA*«yi8W*BeoRIiXhol (3iB&> TfBffcL, T 
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31-3) *tpj«ITU/U«*<*T**il>5tt**»y£o #13H&*©6*K:o^T© 

tf >yn»; h ))?#?©&&£ (H28) fc*if 0 ^£MTT2FiifflJ&-e ttBcoRU Xhol 

ffiltiZ J; 92#©»&ffi!'<> K (a. b) ^ftlfl aftfc. frfflT l^HBHftft*. <-p./<ft, f 

# (#131. #141) Cfc^Ttt* ±»©'<> Ka*<JS*IU jjfffcfc'O Kcfl<gib ^f.ittjM 

ffl*<> Kb*<fll5*L> Kc©#£fc SC£*<^aa 3 H*3 (#1 

31-3) CD ? d - >^fc^T^©/<> K/<5r - aft, fc 0 f/i^^cc^a 

£ll^51t?JRfMnfctt;<*S*ffi«7 l//HK««H (^2ISG418iiti4^ff 131-3) 
©G418imv-;*7-&fc : F2-klT©#lllBfc:«fc *>§fc& Lfc, G418»ffi^ - ii -Sfe" 

©pa«l=*PAUfcloxPK?!l (HM48-1) ©fffl1?aBffi4*afi«f»»JL*fiC*S-Cr 
el/3 > fc?7--'tf«e : F**'tf38ffl / <7 ^~pBS185 CB.RL) «■ (IBfttt— * 

SfcS&ESSJHUBK ftJgW*E©K«S««> p255-. 1995. ¥±*±) ©^SclcflE^llSl 
-3MALfc, #131-3ttlS* h y •? i/ 9BtM\, * kSxlCfl/i-Iitt* «fc n K 
HBSK^S LX;^£30jUg©pBS185DNA£;&D/i> v?->^;I/f- (/<-f*7y S\ 
ffittS-* — y HfrR-tf-r) £JB^Tx. V? Y a* U-.f a ;/*ff ttofco 960# 
F©^jl"e250V©mflE^4ming©i 1/ ? h a U- 5" 9 >-te)U (165-2088s /<■< f—- 
g-yy K) &fifl>TgiftlLfc« xi^noll/-^^ L rt:fflia£5ml© BS^flfl 

- b HJCfcJMLfco 2B^i:ifla* h'J^i'^MIL, 7 -r - 

^-»ia** i^ioobb^ * - i/3ttK:*n^n'> t - uttSfcoioo^ 200. 



1 1 7 



0 5- 7- 6:17:04 '.WmmSM 



FOLEY&IARDNER 



(0354250982 



# 22/ 25 



tz 48^ 7 U - h&tf-tz-7?->=i- h MS © £ ft ^ fz 48/^7° U- h 2 ^CfC 
*ft?tl»Slfc, ^te300/*/mI©G418 (GENETICItk ->^v) ^^tr^Jfi 
T3BIHJ#*U ^©£^T'G418W&£¥iJ)eL*: 0 Z.VtfcmV o - > *<G418 
#^T"e5E^Lfco £ft£><DG418^^t£*fc£35mn)-> + - b iz 

KZ£T?Wmm±. *©4/5£0. 5il<Dft&flJ%*lfi (ES^*+10XDMS0<v'^-7> 

-hf'JfifflU 2B«I*3a Its 10 G ~10 T ^g)ipfflfla^ ADNA£ Puregene <S--p.2o<>, \A 

DNA Isolation Kit (Gentra System*!:) icjjif} fgg| Lfc P C ft & ©G418^^t?fe 
TT2FJHllS#^y ADHA*iWIBB|f*BcoRI (SSSit) "eM-ffc Ttfo-X^* 
^acS&-e^Si^^-!f>7 , n y h^fyttV^ G418»tt»fc**£tfpSTneoBS*3. 
^ 2kb XholBfrtf (^o-7A) T?G418Wttjfte, : F«>Jfe**«IB Lfc, #1 

3i-3(c*j^rmig^n$\ yD-7Ai^^y;^'fXt-5^vK^> 

KfeliTlii< &fcb$fttea>ofc 0 :n&C^J:^ &*#3*lrt:G418^te<* 
£ fc_tlE t |5J^^^5S"CrpBS185DNA«:BcoRlM<b L - 7 B ^T*if > 

HSS^J48-4(C^ L v 9 7 Q 9- (G418Wt*»£?«>PHII C lo 

f xPK'?a*<ff*^*) fcASjBgfegt^ff 9 C^^-gg CQG418ftgttmi31 < ~ 
-3-5* t)§l%^J40g)^afel.CgfeoTs 7-?OX£{?$iLfr 9 ^<D^ ^fe(P 1 

<*ifi«53) , ifl:«:a«a^»Es«ijia«5'>.©t i- wt <se#*«o 

"T-So » &n*G418»ifc#K:*?^TPCR»«4gt (£»#|9) CA?)t h fa ft S fit 
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(*Jfc0H57) t H4« + 2#^ 14# + 22#&;fe# « rt #1>4tft# 

(£JfiHl5t 25> 34).iRI«K (3lis0iJ56) -c7ffc$ $ *l £ * / 7 ^ * X tc g 6<J 

K- v 3 0 l~3iSHi§*U#£±i»*ELISASc-t?J|?0r*-*o BUSAft 
it <H«E^J14^ 15s 2k 24s 25> 33. 34s 37^ 38) lc*Lfc*ft7fftt^s h I- 

*-*fi«52-PK»LA:«ft:a«"^a**ft^{|:TTZP<IBJte«|l (C418lS^tt) KfcO 

*±*fc. 1995) <Q^fet£ji£ ^S«fcfll49 < bH«K± gTT2PlBja« "CG418g5tt) ^ 
iALfc, -Ttt*)^^ iSfflSSfcHBSKM U 2.5 x 10 7 eel Is/mlco JS^jffi i Ltz <_ 

: f.2J>^ J, II 

DNA 5 u.g £0.5 mlg)^Biia@^% (wan^. s ^Dj?l/-y g !/-te;bg96 ' 
0/tP s 250 V CP^gfrfllfll] Lfco 7~9H*fc£ fcfca o — t? v 9 T y ~7 
U &ttm8fc*Lfc?frftT?J*ttflM*N ADNA£JR# Lfc„ G41.8»tt*y^ f.^ff, 

1Mf>^ny h »W * f? <S ^ , *tt«48-4lc«'Lfc^P-yi?«RI*a»*<*** 

oRI MKAt) K(a) a<&ffi3ftfco iBigna»a*.<*KfeHTtt % C ^f- 2 *''-'* 

g>/<> Ktcfll&TgffcKTfigK'O K(b) ^gftgc j:it<fffl8ti» tt 0 
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immms) tfc#e*«fliH**#*&©2M«#«>am 

*»0iJ58T»&nfcTT2Pffi#ftttfflS»iftA<* (frojftfcMaiiB**^ 

fl«tt;frftTri gftffiG418Wttft*Bg*gbfc. G418ggg9~l4 ag/nlO 5 ~ 7 B W 

C418»g*4 mg/ml KTtfggU «gB8*&» £ 10—13 B « K 

*gtt_2^o .K«KG418Wi!fe»y/ ADHA*.«(ia»*EcoRl4NotI (£fifi) «-f, I. 

: ^ 

<p.»fcttSE &*<yg3ttg« BH»% g*tgG418»lfe<*2 tcfc^tv<> 
jggflEWttfft'fellUff *ngft59«»36au 43ttft2-flU 49&» 1 #<Pffiftg 

<^«J60) (^-3SEM*xa**is^f*) tt2f*h!& 

£»«59Trc»3tifcft#«ttWffl7i^itt*tt (ffitt£G4i8it&#) ©G418 

»tt^-*-atfe^*S5«0a52TjS LAi^JBC J; ^^Ljtg G418Bftt^-*-<-p.=»4J./7 
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yp V J A DNA ^Puregene DNA Isolation Kit (Gentra Systemfc) tcjcfoggjiJ 
Lfco C*l6©GU8Ji{SttfT2Pllllia^y ADNA*ttl«»*BcoRI T*M 
Ytt. T^n-xy^«a«t»T?«'|||Sk-»--y v h^iK G418I#f£iSfe 

: F**trpSTneoBai*3.2kbXhoI*f>T'*^n-^'«S: G418»£itte : ?©|&££ 



fflflSft <TT2FEfc#s G418s tfa-D7-f >>>BSi) HKD31C <^SS^J68-(2)) 
iZjjitm 14.S*fe#»rfi*SC20 ( t hffi#m«»fe**£fr) * $ * n*yu 

tisfc.fc»>*ALfco 5 *n-fe^»£*jJ;tmi8ilirttlfc0aijRtt (HM^J2) t H 
'HtfcfTo :/!:• ^&ftrt:G418»f£*f{© 7 -&8« fC o IgM x D14S543:? 7 -f ^ - 

J: ii:ft-60RM«s ic mKmiSMMW li ^ t h 14#Sfefef*Bfr/tSC20 

se*«i6i- en T-mnztitzt bi4m$k&&mK (irLtemm&&=? 

5 v^^ffJ5Jc«.C*!S«10) S?T*L-fc^.ffitSJ: Off ->yt 0 ft 188©© £ AE* 
(ICR) E&*CDfife©*{wTT2lEflS**®^^-fe 4<B66ft«^^ 
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(Translation) 

INTERNATIONAL FORM 

BUDAPEST TREATY ON THE INTERNATIO- 
NAL RECOGNITION OF THE DEPOSIT OF 
MICROORGANISMS FOR THE PURPOSES OF 
PATENT PROCEDURE 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page. 

TO DEPOSITOR: 

Name: KHUN BEER KABUSHIKI KAISHA 

Representative: Koichiro ARAMAKI 
Address: 10-1 , Shinkawa 2-chome, Chou-ku, Tokyo, Japan 



I. IDENTIFICATION OF MICROORGANISM 



Identification Reference Given by the Depositor: 
SC20 



Accession Number: 
FERM BP-7583 



II . A SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC POSITION 



The microorganism identified under I above was accompanied by a document 
stating the following item(s). 

■ A Scientific Property 

■ Taxonomic Position 



HI . RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified 
under I above, which was received on May 9, 2001. 

(date of the original deposit) 



W. RECEIPT OF REQUEST FOR TRANSFER 



This International Depositary Authority received the microorganism under I above on 
(date of the original deposit), and received on 
a request for transfer from the original deposit to the deposit under the Budapest treaty. 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: International Patent Organism Depositary 

National Institute of Advanced Industrial Science and Technology 

Representative: Dr. Yasuhiko KOMATSU. Director fscaled^ 

Address: A1ST Tsukuba Central 6, 1-1, Higashi I<:home, Tsukuba-shi, 
Ibaraki-ken 305-8566 Japan 

Date: May 9, 2001 
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